The main objective of this paper is to propose an algorithm to predict and
Introduction
The ampacity of a conductor is limited by the continuously permissible temperature of the system which depends on the properties of the conductor material. Magnetic field from the eddy current interacts with the original electromagnetic field resulting in the reduction of current flow in the centre of the conductor. These current tend to flow near the surface of the conductor which is referred as skin region.
The inductance of a conductor varies with the depth of the conductor due to the skin effect. This inductance is further affected by the presence of another current-carrying conductor in the vicinity. A short-circuit results in excessive current and also causes excessive heat in the current-carrying conductors. The conductor with high current density will increase the resistance and temperature of the conductor. Power losses are caused by both the ampacity and by the induced eddy current in the phases. An attempt is being made on busbar arrangement with forced convection cooling to improve heat dissipation with reduced skin and proximity effect. The convection cooling arrangement will be provided to modify and optimize the size of the busbar configuration.
A three-dimensional eddy current field model is used to calculate the eddy current losses in an air insulated bus duct system. The temperature rises are evaluated using the coupled fluid field and the thermal field model [1] . A compact bus duct system governing equations are used to determine the temperature rises [2] . Power losses of a bus bar are calculated by the magnetic field analysis and those values are used as the input data for the thermal analysis to predict the temperature [3] . In fig. 2 , the magnetic fields in three phases of bus conductor are symmetrical, but distribution of current density in three phases of conductor is unevenly distributed due to skin and proximity effects. Hence current is strongly influenced by the busbar geometry and in every case current is unevenly distributed in the sub-conductors of every main conductor [4] . The transient capabilities of the bus bar are illustrated by calculating the variations in the bus bar temperature. Temperature variation in the bus bar is used to estimate the thermal time constants. An analytical expression for the time constant of the bus bar is developed [5] . Thermal time constant has predicted for both natural and forced convection mode. From the study, power loss due to heat generation is reduced by 45 % [6] . The analytical algorithm has been implemented in a computer program code that along the allowable ampacity can compute the bus bar temperature and their corresponding power losses [7] . A thermal model is used to calculate both the steady-state and transient temperature variation of the bus bar. A computer program has been formulated to calculate the temperature variation in the bus bar for any time-varying current [8] . The temperature rise of the extra-high voltage gas insulated switchgear bus bar is predicted with magneto thermal finite element analysis. Bus bar power losses are calculated by magnetic field analysis and that data are used as the input to predict the temperature rise [9] . A hybrid finite element -boundary element formulation applied to the analysis of a four conductor device under AC supply and presence of shields. Impedance matrix and correct magnetic field are estimated by developing a model and compared with the experimental outcomes [10] .
Bus bar arrangement in the power house
The observations have been noted down from the electric power facility of Sangeeth Textiles Mill, Coimbatore, which has the capacity of 2500A rating and 1500 KVA transformer substation. In the transformer, the voltage is stepped down to 440V for distribution to points of consumption. 
Thermal model of the bus bar
The energy balance equation for the bus bar is written as [5] 
Equation (2) is similar to the differential equation
The thermal time constant is the term relating to the geometrical, physical and thermal properties of the busbar. The Busbar attains a steady state temperature after a few units of thermal time constant. The thermal time constant is,
Free convection coefficient h for a vertical plate is calculated by using the following local These Nu values are used to determine heat transfer coefficient h in the energy balance equation.
Analytical algorithm
The algorithm developed carried out in the research work is being given in fig 3. The experimental work was conducted in a textile mill and a suitable thermal model is developed to determine the temperature of the busbar under natural and forced convection mode. The program has been written in MATLAB for the algebraic equation developed from thermal model. 
Results and discussion
The steady state temperature in the phase Y is greater than other two phases due to high ampacity. Theoretical analysis has been carried out by considering energy balance equation for the busbar and the algebraic equation developed from thermal model is solved using MATLAB by implementing the computer program code for determining the temperature rise of rectangular-section bus bars made of copper and aluminium and also for different sizes of busbar. Experimentally observed steady state temperatures in the Y Phase of a standard size copper busbar and numerically computed using MATLAB are given in the Tab. 1. Numerically calculated temperature variation in the copper busbar under natural convection mode is validated with experimental observations. Also in Tab. 1, steady state temperatures attained in the copper busbar are given by considering the forced convection analysis for the air flow in two directions. Fig. 4 shows the temperature variation with the time constants under natural and forced convection mode for the copper busbar. With natural convection, the temperature of the busbar steeply increases (60°C) due to high current flow. Then temperature increases and attains steady state condition (77°C) at 4τ. Due to forced convection arrangement the temperature increases from initial condition (38°C) and attains the steady state condition (42°C) at same 4τ. For the forced convection mode of heat transfer from the busbar, the temperature rise will be reduced by 45% compared with natural convection mode. When compared to parallel and perpendicular air flow in copper busbar, the temperature rise due to perpendicular air flow is reduced by 12%.
The current carrying capacity of bus bar with aluminium material is lower than the copper material. Due to less cost, aluminium has been chosen for this research work as alternate to copper. Fig. 5 shows the temperature variation for aluminium bus bar under natural and forced convection mode of heat transfer. Hence, the algebraic equation developed from thermal model is solved using MATLAB for aluminium busbar under natural and forced convection mode to determine the temperature variation with time constant which is given in the Tab. 2. During natural convection, the bus bar temperature suddenly increases to 78°C due to high current flow. Then it increases gradually up to steady state condition (105°C). When the air with a velocity of 1m/s flows to the parallel direction of the aluminum bus bar, the temperature in the bus bar increases to 42°C and this value is lower than the natural convection value due to the air velocity. The bus bar attained steady state condition at temperature of 48°C and at time constant of 4 τ. When compared with forced and natural convection mode of heat transfer, the temperature rise in the forced convection mode will be reduced by 48% with natural convection mode. Comparing parallel and perpendicular air flow in aluminium busbar, the temperature rise due to perpendicular air flow is reduced by 17%. Therefore, perpendicular air flow is preferred for forced convection cooling. Busbar degradation mechanisms such as, corrosion and oxidation typically occur around 85°C. For aluminium busbar of standard size (100 mm width) with natural convection mode, the temperature rise approaches 100°C which is closer to the damage condition of the busbar.
Therefore, forced convection heat dissipation with the airflow perpendicular to the busbar arrangement is preferable when aluminium replaces the copper busbar.
In the aspect of optimizing the size of the busbar, the algebraic equation developed from thermal model is solved using MATLAB by considering different standard sizes of 35 mm, 50 mm and 100 mm busbars of copper and aluminium materials under the forced convection arrangement. Variation in temperature of busbar with the time constant for different sizes of busbar for the air flow in the direction of perpendicular to busbar are plotted in the fig. 6 and 7 for copper and aluminium busbars respectively.
In fig. 6 copper busbar for 100mm width, steady state temperature is reached at 37°C. If the width is reduced to 50mm the steady state temperature increases by 10%. Furthermore, if the width of the busbar is stepped down to the next standard size (35mm) the steady state temperature increases by 18%. Whereas in fig. 7 aluminium busbar for 100mm width, steady state reaches at 40°C. If the width is reduced to 50mm the steady state temperature is increased by17%. Besides, if the width of the busbar is stepped down next standard size (35mm) the steady state temperature is increased by 32%.
Since the steady state temperature for forced convection (perpendicular airflow) of aluminium busbar of 35mm width is reached to 53°C which is below that for a standard size copper busbar of 100mm width by natural convection (77°C). Hence aluminium busbar can also be selected appropriately for effective cost reduction.
Comparing the fig. 4, fig. 5 , fig. 6 and fig. 7 , difference in temperature variation with time constant for copper or aluminium busbar under natural convection varies very much. Whereas for busbars with different sizes under forced convection heat dissipation both copper and aluminimum busbars experience same level of temperature rise and within safe region. Hence it is understood that aluminium busbar with reduced sizes can be used in place of copper under the forced convection mode. It is observed that perpendicular air flow causes high heat dissipation and hence the temperature rise will be minimum compared with the parallel air flow and the graph shows the effect of variation of air velocity on temperature reduction. Up to air velocity of 1 m/s, the temperature reduction will be more effective than air velocity beyond 1 m/s
Conclusion
An algorithm has been developed to perform analysis to determine the temperature variations in the busbar of different materials of copper and aluminium with different standard size using MATLAB. An experimental observation of temperature variation for standard size copper busbar is validated with theoretical analysis using MATLAB. Then, with forced convection cooling arrangement, the temperature variation of copper busbar is observed and it is found that the temperature variation is well under the safety range. Hence a theoretical analysis is carried out with different size of copper and aluminium busbar with different air velocities to predict the temperature rise which is also under the safety range. It is suggested that by reducing the size of busbar, cost of panel can be saved. During the course of validation of the analytical algorithm, it is confirmed that due to forced convection (perpendicular airflow) heat dissipation, response time (time constant) for attaining steady state condition is improved. Hence, proximity and skin effect are much controlled which leads to the reduction of power consumption in the load.
Nomenclature
As -Surface area (m2) C p -Specific heat at constant pressure [kJkg-1°C) g -Acceleration of gravity [ms-2] Gr -Grashof number 
